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COMPLETE SPECIFICATION 



Production of Iron Biscyclopentadienyl and Alkyl and Aryl Derivatives thereof. 



We, California Research Corporation 

£ rp °^ 0n ^ y funked under the laws 
of the State of Delaware. United States of 

Z' c pte B *> Uiut ed States of America, do 
hereby declare the invention, for which we 
pray that a patent may be panted to us. 
and the method by which it is to be per- 

lo£ n I^ , iS, be - particulari > r described in Md 
10 by the following statement: — 

This invention relates to the production of 

iron biscyclopentadienyl and aykyl and arvl 

derivatives thereof, and particularly to a 

cyclic process involving the reaction of ele- 

id mental iron with a cyclopentadiene By " a 

cydopentadiene" is meant cyclopentadiene 

SvatiVes. * ^ 8nd W*-*"* 

20 zJ?^ 5 10 s " A ; MUler - J - A - Te "both 

Wand J F. Tremaine. Journal of the Chemical 
Society. February. 1952. page 632. iron bis- 
cydopentadienyl (FeC M H 10 ) may be pre- 
pared by reacting cyclopentadiene in nitro- 
gen wjth reduced iron in the presence of 

25 a umina and potassium oxide and preferably 
lm v? 0O, ? b ^ enum oxMe at temperatures of 
300 C. Subsequent to the preparation and 
discovery of this unusual compound, it was 
found that iron biscyclopentadienyl pos- 

30sessed exceptional properties which made 
the compound of considerable value in a 
number of commercial applications and par- 
ticularly as an improving agent for motor 
fuels. The commercial possibilities of this 

35 compound for which the name - Ferrocene " 
has been suggested are in part predicated 
upon the existence of an economical and 
efficient process for preparing the com- 
pound. 

40 The aforementioned Miller et al prepara- 
tion involved the reaction of cyclopentadiene 
in nitrogen with reduced iron in the form of 
a conventional "doubly-promoted synthetic 
ammonia catalyst" at 300°C. and atdios- 

45 phenc pressure. Under these conditions the 
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formation of Ferrocene proceeded for only 
ten to fifteen minutes before the iron surface 
became passive to reaction. Ih order to 
reactivate or regenerate the iron reactant 
the passive iron was oxidised at tempera- 50 

JEL? * 45 °' C in an atmospher? of 
mtrogen with increasing concentration of 
oxygen and finally in air followed by redu<-- 
tion^th hydrogen gas at 450"C. This re- 
lation through oxidation and reduction 55 

♦ ? pas ?' ve uon octant requires approxi- 
mately a 12 to 18 hour time cycle foFevery 
10 to 15 minute reaction cycle. Obviously 

fiJ^* 5 which • re ^ uires such a dispropor-' 
tionate regeneration cycle cannot be con-m 
sidered efficient or attractive from a prac- 
tical process standpoint 

-JUi^S?* with the exce ssive time differ- 
ential in the regeneration cycle and the reac- 
toon cycle required by the foregoing pro- 65 

hf wh^h r C f- S haS now ^ develop 
m which the time requirement of the k- 
genemion cycle has been so materially re- 

havfhS^- 0 ^ 11 ,^ 011 

S^pStrrpro&S 70 

n^ rdil | S to i h ? s ^nton, iron biscyclo- 
pentadienyl and its alkyl and aryl deViva^75 
tives may be produced by a cyclic propel 
comprising the reaction of a cyXpenSS 
a hereinbefore defined with elemental Sn 

800'F S urc 2 thc ™S* of mZ 
800 F. until the surface of the iron reactant Rrt 

or the yields of the resulting iron biscych> 

stopping the synthesis cycle and contacting 
Ae passive iron reactant at a temperature inss 
tte range of 600 to 1,600'F. with ° 

ran* ?K e , ot °* d ± on **** the 
.? i- to - 5 * 000 Glories per 
gram atom of iron until at least approxt-90 
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mately 3% by weight of the iron is oxidised, 
Sereafter reducing the resultant iron oxide 
with a reducing agent under reducing condi- 
tions sufficient to form a reactive surface of 
5 elemental iron and thereafter reaming to 
the synthesis cycle by engaging the j reacti- 
vated elemental iron with the cyclopenta- 
diene charge. This process may be con- 
sidered as a sequence of reaction cycles m- 
lOvolving the synthesis cycle, oxidation cycle 
reduction cycle, and return to the synthesis 
cvcle In conducting the various reaction 
cycles, the solid iron reactant may remain 
static in a suitable reaction vessel equipped 
15 with the necessary piping and auxiliary 
equipment to supply the reaction conditions 
of the various cycles or the iron reactant 
may be moved through a series of reaction 
: Sis or zones in a single vessel embody- 
20ing the conditions of each reaction cycle and 
recycled back to the synthesis vessel or zone. 

As a specific embodiment of the subject 
process, cyclopentadiene in vapor form and 
preferably diluted with an inert gas is intro- 
25duced into contact with an elemental iron 
reactant of high surface area and preferably 
promoted by the presence of minor amounts 
of basic adjuvants at a synthesis Jempera- 
ture Twithin \he range of 400 to 800'F. and 
30 oreferably in the range of 550 to 600 F. ITie 
pStion of recoverable iron biscydo- 
rentadienyl proceeds rapidly on inito con- 
tact of the reactants and gradually fells off 
as the available iron surface becomes pas- 
35sive or inhibited. As a result, the synthesis 
cycle is continued only so long as any appre- 
ciable reactive or elemental iron surface is 
available which is evidenced by the forma- 
tion of iron biscydopentadienyl. 
40 After the foregoing synthesis cycle, toe 
massive iron reactant is regenerated by 
means of an oxidation and a reduction cycle. 
In the oxidation cycle the iron reactant is 
contacted with steam at a temperature in the 
45 range of 600 to 1.600'F. and preferably 750 
to 1 150°F The oxidation reaction is con- 
trolled to supply the stoichiometric amount 
ofoxygen in the oxidising &s required to 
oxidise at least 3% by weight of toe total 
50iron in the iron reactant to the eqnflibnum 
50 oxides in the system-iron ™&™to-zt 
the temperature of oxidation Thereafter 
the resulting iron oxides which may be in 
toe form of FeO and FeA. depending ; upon 
55 the oxidising temperature, is reduced 1 to de- 
mental iron in the reducing cycle by con- 
ventional reduction reaction with hydrogen 
or a hydrogen-containing mixture as a re- 
ducing agent, or carbon monoxide, attem- 
finperatures in the range of 600 to 1,600 F 
60 S temperatures of the various reaction 
cvdes are preferably chosen to avoid a wide 
temperatore swing between the cycles and 
SSby provide a favorable heat balance 
ttSghout the cyclic process. However. 



other reaction variables must also be corre- 
lated for optimum process conditions as will 
be brought out in the subsequent discussion 
After substantial reduction of the oxidized 
iron readant. and particularly the available 70 
surface of the reactant, in the reduction 
cyde, the resulting regenerated or reacti- 
vated iron is again brought into contact with 
the cyclopentadiene charge in the synthesis 
cycle to close the cyclic process. Under 75 
these conditions of operation, reaction times 
have been attained in the various cycles of 
which the following are representative : syn- 
thesis cycle— 30 to 90 minutes; oxidation 
Scle-^5 to 30 minutes; and reduction 80 
cycle-about 60 minutes. Accordingly, toe 
present invention process for the production 
of iron biscydopentadienyl provides an effi- 
cient cyclic process in which the time differ- 
ential between the produdion or synthesis » 
cycle and the regeneration cycles substan- 
tially approaches unity as contrasted with 
the prior art process which allows only a 
'. 10 to 15 minute synthesis for every 1- to„ 
18 hour regeneration cycle. Furthermore,*" 
the present cyclic process has attained yields 
of iron biscydopentadienyl of greater than 
threefold the yields reported by Miller et al.. 

^In^general, the reaction involved in the 95 
synthesis cycle is the production of iron 
biscydopentadienyl or its alkyl or aryl deri- 
vatives by the reaction of elemental iron and 
a cyclopentadiene. The elemental iron reac- 
tant may be obtained by the reduction of a ™» 
variety of natural and synthetic iron oxides 
or by the decomposition of iron carbonyl or 
the heating of an iron salt of an organic acid 
such as ferrous oxalate. Suitable sources of 
substantially pure iron oxide are high-grade i*" 
hematite and magnetite from natural de- 
posits, mill scale from the steel industry 
and by-product pyrites ash from the sulfuric 
add industry. If desired, a synthetic ele- 
mental or reduced iron reactant may be pre- 
pared by precipitation of a. hydrous oxide of 
iron from a water solution of any iron salt, 
such as ferric sulfate, with a base such as 
ammonium hydroxide and the hydrous 
oxide gel washed, dried, sub-divided, cal-i« 
cined and reduced. . 

The iron reactant may be employed in toe 
form of particles obtained by sizing the 
oririnal material by suitable means such as 
grindine, extruding or pelleting or may be i<a» 
supported on a high surface area carrier. 
In the latter case, for example, a solution 
of a soluble iron salt, such as ferric nitrate, 
may be mixed with a soluble salt of a metal 
oxide carrier, such as aluminium chloride, 125 
the hydrous oxide predpitated with a base, 
such as ammonium hydroxide, and the hy- 
drous oxide gel washed, dried, sub-divided 
by grinding, extruding or pelleting and 
thereafter calcined and reduced. Alterna-130 
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tively, bead-form material may be obtained 
by the well-known technique of mixing the 
components of the gel in a flow system and 
very rapidly thereafter jetting the mixture 
J into a water-immiscible medium to secure 
the co-precipitated gel in the form of drops 
and subsequently washing, drying, calcin- 
m J?* reducin g as previously, A sup- 
ported iron reactant comprising reduced or 

30elemental iron on porous aluminium oxide 
is thus obtained, which may be replenished 
in iron content when spent by impregnating 
the support with a soluble iron salt and then 
precipitating, calcining and reducing as pre- 

&5vK>usly. Alternatively, the poroul carrier 
may be impregnated with iron by decompos- 
ing iron carbonyl on the carrier or by con- 
densing ferric chloride vapor on the carrier 
and reducing. 

20 Since the basic synthesis reaction involves 
elemental iron in the solid form and cyclo- 
pentadiene m vapor form within the tem- 
perature range of 400 to 800°F.. a hieh 

^ surface area ip the elemental iron reactant 

25is desirable. The foregoing methods of pre- 
paring the iron reactant are normally sa ti&- 

S^ Wlth -i ieg . ard " t0 surface since 
either the oxide is reduced to give a porous 

open structure or the iron is deposited on 
30 a highly porous carrier. Furthermore, the 
present method of regenerating or reactivat- 
ing the iron reactant mass which has de- 
clined in activity or become passive, even 
^ though the iron is still available, through 
35 oxidation of the iron followed by reduction 
.ends to restore the desired surface charac- 
teristics. 

Although elemental iron may be used per 
se w the synthesis reaction, the reactivity of 

^O^e iron reactant may be further enhanced 
by the addition of alkali metal compounds, 
materials which facilitate condensation, such 
as the o^es A1A. CaO, BaO. BA. MgO, 
v-u a , /jU 2 , Si0 2 , surface active substances 

•45 such as silica gel, alumina and kieselguhr 
suid materials which facilitate dehydrogena- 
tion, such as the oxides of chromium, molyb- 
denum and vanadium. These adjuvants or 

^promoters, may be added to the iron base 

:50by simple impregnation or by co-precipita- 
tion and, in the case of surface active ear- 
ners, the latter may be impregnated with 
soluble salts of the desired metals followed 
by drying and calcining. Except for the 

55 iron and surface active substances, such as 
silica gel, alumina, and kieselguhr, the ad- 
juvant or promoter materials are normally 
present in the final iron reactant in amounts 
between about 0.1 and 10% by weight 

60 As an example of the preparation of a 
promoted elemental iron reactant, iron and 
aluminium nitrates were co-precipitated with 
ammonium molybdate, ammonium hydro- 
xide and potassium hydroxide and the pre- 

65cipitated warmed, dried, sub-divided, cal- 



cined and reduced with hydrogen to yield 
an iron reactant of final composition by 
weight as follows: Fe— 90%; AI,O s — 8%; 
Mo.0^1%; K 2 0~1%. 

The organic charge, namely cyclopenta- 70 
diene, may be obtained from numerous 
sources and may be used in the reaction 
as the sole organic component of the charge 
gas or in admixture with other hydrocarbon 
components. Mono- and dicyclipentadiene75 
occur in the liquid mixture of hydrocarbons 
produced in the manufacture of coal gas, 
carburetted water gas, and oil gas as well 
as generally in the cracking of petroleum 
oils. A Q fraction from a cracked petroleum 80 
naphtha, for example, may contain about 
5% of cyclopentadiene together with other 
diolefins such as isoprene and piperylene, 
olefins such as cyclopentene, and the normal 
pentenes and saturated Q hydrocarbons. Re- 85 
covery of cyclopentadiene from such mix- 
tures presents difficulties because of the 
number of close boiling and closely related 
hydrocarbons, but may be accomplished if 
desirable by a combination of fractional90 
distillation and extractive distillation. It has 
been found, however, that the foregoing C$ 
cut from a cracked petroleum naphtha may 
of itself be utilized in toto as the charge 
gas in the synthesis reaction. Alternatively 95 
this Q fraction may be further dehydro- 
genated to increase the yield of cyclopenta- 
diene prior to its introduction as the charge 
gas to the process. 

For the practice of the present invention, 100 
the monocyclopentadiene is the desired 
organic reactant, but since dicyclopentadiene 

Kj to the monomer and the preferred 
reaction temperatures for the synthesis of 105 
SS^^^l 10 ^ 11 ^^ 1 ran 8e from 400 to 
F. either the monomer or the dimer 
will serve as the organic charge. Treatment 
of the commercial mono- and dicyclopenta- 
diene for removal of polar compounds, for 110 
example sulfur containing compounds usin* 
treating agents such as caustic alkali and 
mono-ethanolamine has been found bene- 
ficial to increase the yield of the iron bis- 
cyclopentadienyl. 

In the synthesis reaction the elemental 
iron reacts with two mols of cyclopentadiene 
to form one mol of iron biscyclopentadienyl 
and one mol of hydrogen. The principal 
side reaction is the polymerization of cycio- 120 
pentadiene which has a direct effect upon 
the ultimate yield of desired product and 
also is at least partially responsible for the 
inhibition or loss of activity in the iron 
reactant Accordingly, conditions of reac- m 
ton m the synthesis cycle are preferably 
selected which would tend to minimize and 
are unfavorable to the polymerization reac- 
tion. Thus, it is desirable to operate at low 
pressures or in the presence of an inert 130 
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diluent gas. To this effect the cyclopenta- 
diene is preferably diluted prior to heating 
to reaction temperature with an intert non- 
oxidizine gas such as helium, nitrogen or 

c methane. Dilution of the cyclopentadiene 
to 15 volume per cent, has been found satis- 
factory. In addition to the single compo- 
nent diluents the cyclopentadiene may be 
charged in the form of a gas stream from 

in which the cyclopentadiene is normally re- 
covered, such as the G olefin cut from 
thermal or catalytic cracking operations 
which may or may not have been subjected 
to further dehydrogenation to increase the 

1 5 cyclopentadiene content. A practical lower 
limit for the synthesis reaction, which is 
mildly exothermic is 400°F.. As the tem- 
perature is increased, conversion increases 
until an optimum is reached beyond which 

20 temperature undesirable side reactions be- 
come predominant A practical upper tem- 
perature limit has been found to be about 
800°F. Within this range of 400 to 800'F., 
? desirable balance between rate and equili- 

25brium considerations, both in the synthesis 
and polymerization reactions, has been 
found to lie in the range of 550 to 600 *F. 

The space rate at which the synthesis 
cycle is conducted has not been found to 

30 be critical and will depend upon the reactor 
design and process system employed. By 
way of example, when operating a reactor 
unit employing the elemental iron reactant 
as a static fixed bed with an on stream 

35 period of 0.5 hours at 570°F. the space rate 
in the synthesis cycle was 0.14 liquid (60 F.J 
volumes of cyclopentadiene per superficial 
volume of reaction space per hour. The 
conversion of cyclo pentadiene to iron bis- 

40cyclopentadieneyl fas 50% and the ulti- 
mate yield which would be obtained by re- 
cycling effluent cyclopentadiene was in ex- 
cess of 90°;.. Under these conditions, space 
rates from about 0.05 to about 0.25 have 

45 been employed in the synthesis cycle with- 
out any material deviation in the results 
obtained. 

During the synthesis cycle the resulting 
iron biscyclopentadienyl is withdrawn from 

50 the reactor in vapor form with the unreacted 
cyclopentadiene from which it is easily 
separated and recovered in conventional re- 
covery systems. The unreacted cyclopenta- 
diene with its carrier gas may then be re- 

55 cycled back to the synthesis reactor with the 
incoming charge. The synthesis reaction is 
continued until the surface of the iron reac- 
tant substantially loses its reactivity and the 
yields of iron biscyclopentadienyl are 

60 materially reduced when operating in a 
static or fixed bed system. On the other 
hand, when operating in a flowing system 
in which the solid iron reactant is con- 
tinuously circulated through the respective 

^cycles, the rate of flow of the iron reactant 



through the synthesis cycle may be so as- 
signed to give the optimum balance product 
between yield and contact time with the 

° r ^U^wing g the completion of the synthesis 70 
cycle, the exhausted or passive iron reactant 
is subjected or introduced into the initial 
regeneration cycle, namely, the oxidation 
cycle. In this reaction cycle the iron reac- 
tant is contacted with an oxidising gas of 75 
critically defined characteristics. The effi- 
ciency of the regeneration cycle, and in fact 
the whole cyclic process is dependent upon 
the oxidation of the passive iron reacumt 
with an oxidizing gas possessing a tree 80 
energy of oxidation between j 2000 to 
- 5000 calories per gram atom of iron, I ns 
oxidizing gas may be composed of either 
single or multi-component oxidizing agents, 
such as steam, CCK or mixtures thereof. 85 

The temperature at which the oxidation 
reaction is conducted may be chosen from 
a wide range between about 600 3 F. to about 
1600T. As a general proposition the tem- 
perature in the oxidation cycle should be 90 
kept as close as possible to the temperature 
employed in the synthesis cycle constant 
with the desired rate of reaction in order 
to prevent too great a temperature differen- 
' tial between the various cycles in the pro- 95 
cess. Fundamentally, the oxidation reaction 
employing steam as the oxidizing gas is 
mildly exothermic, whereas the oxidation 
reaction employing carbon dioxide is mildly 
endothermic. Oxidation below about 600~ 100 
F. has been found ineffective to produce 
the desired reactive iron surface, whereas 
at temperatures above about 1600 F. ap- 
parent sintering is encountered in the sup- 
ported iron reactant which materially re- 105 
duces the surface area of the reactant mass. 
The optimum oxidation temperature wil! 
naturally vary with the particular oxidizing 
cas eraploved. although it is generally pre- 
ferred to operate within the range of 700 tollO 
1200 : F. m t . 

Generally, the space rate of the iron re- 
actant in a flowing system or the on stream 
period for fixed bed operation in the oxida- 
tion cycle is so controlled as to supply the 115 
stoichiometric amount of oxygen in the oxi- 
dizine gas which is required to oxidize at 
least 3-v. by weight of the total iron content 
in the iron reactant to the equilibrium oxide 
at the temperature of oxidation. 120 

After the desired oxidation of the iron 
reactant to its lower oxides in the oxidation 
cycle, the oxidation reaction is terminated 
or the oxidized iron reactant is withdrawn 
from the oxidation zone and the reactant 125 
mass is subjected to reduction in the final 
cycle of the process. Basically, the reduc- 
tion cycle involves a simple reduction of the 
iron oxide to elemental iron, as practised 
in conventional catalyst manufacture and 130 
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at temperatures in the raneerfnOff^! w£E for condensing unreacted cyclopenta- 

for the reaction in the reduction cyde £ 23 9 ? tan - , The reaction 65 

dependent upon the desired balance Seen ShISSmS*!. 01 a 8,335 "astant 

the reducing temperatures and FSL 2 frf HhS^K^ 111635 ^^ " cm, internal 

reaction for the pStt KduSng^enf fjSkJfS T ? length> Be S innin S 

employed. The reaction is slightly exoS StnrM th ^ first third of the "- 

mic w .h narKnn ?J «a»iujr cxuiner- actor was Backed urirti Qrt 



: — * w i*u uvuiar reaucin« nepnt 
employed. The reaction is sUghUy exoS 
J0 m ' c ™«1 carbon monoxide and endoSfc 
iOwifo hydrogen or a hydrogen USE T 
Generally, it is desirable to maintain a 
reaction temperature in the reduction c?cle 

SSt£W involve 100 «** ^& 

Ual from the temperatures in the oxidation 
Mand synthesis cycles. HoweveTthe ml of 
the reduction : sv. . ™ e 01 



" — t,,u . me nrst tnird of the re- 
actor was packed with an inert solid nar-70 
ticulate material, such as fused alumfoa 
spheres ,n order to provide a prehS™ 

*? bnngiDg thc reaction S*** UP to 
S «f^ pemture - ^ remaining C 
tt rds of the reactor was packed with the 75 
— aji.u.wu t ycies. However «h» * f° aon reactant . The entire length of 
the reduction reaction is ^25J5?iJ£ ° f fcV reac, ? c Wi * enclosed by an Seal 

« sua S 2 r ^r 5 ^ = t «3 



ooai ; « rw.fc- . ^ race »e reduction cycle 
cvckftLrT^ 6 than the oxi ^tion 
73 °^ er t0 obtain an increase in re- 
ducnon rate and thereby maintahTa VL 

S 1 "^ % cy/es. The Auction 
cycle or reaction m the reducina zone ;« 
25 camed out to a contact or Sic? time 
which is approximately thatS^ To 
provide a stoichiometric quantft^oTSuc 

iron oxide content™ 35?* £ Sif £<>r th ? ^opentadienT Cycfo! 

iron reactant has been tesS 52 s 1,16 2^ to f e ¥ was ,ntr cduced in the vaoour 

seats ia reactive deSSSg^JJ 225 ? Ub . b > ? itro 8 en * a K 

site for the svnth«!e su «ace requi- through hquid cyclopentadiene held at 70* o« 

F. by an electrical heater Th* „ " L/" - w 



In order to maintain the process variables 
at a minimum, steam was used as the ox? 
<uzing gas and hydrogen was used as the 
reducng gas. The steam suppty mt waL ss 
confrolkd by means of a valve cahirS 
pnor to operation by condensation of the 
sS , v a ui a t trap W3S provided m the steam 



33 the fact that iron is consumed in tteW 
Stak^S ^ nsaa « btmade 

invention the following 



— —-p.. - M w„ v/viujjeniaaiene neld at 70° a 
F. by an electrical heater. The amount of 
fe nta fiicne vapor thus introdS J 
determined prior to operation by condens- 
ing he vapor out in a cold trap. The iron 
reactant charged to the reaction %mAvS .„ 



invention the foHowfo E ^Sf^ the ° f run 67 whe f ein *e 
sented settinTfortt ^lffS^P h K ^ re ? c tant was 160 grams, 
tive reactio^vaSAlfcL 1 !?^- _i«? e synthesis^, the nitrogen-cyclo- 

^ntadiene charce ens w» fi ln«»„,i„lj 



B*- TwaaTntSS ?£ IM 
S2i f e of W '^s per hou? whSh 105 
corresponds te a charge of cyclopentadiene 
of 15 cc. per hour. In the oxidation evele 

S e iiauTd m H^ ChS T* 3t a rate 
°lJ!^r 3$ ^ ^"r- In the initial lm 



™f c?T ,es 1? ftey ^ the conduct ffSe 
45 present cychc process. ft ^ J^Sd I con 

31^ determin? «S of Action 
variables in a small laboratory appTrat™ 

The apparatus consists essentially of V cvlhf' of VmMnri — T* M * rdrc or « cc. 

drical reaction vessel connected a? the Infer ctaSff.JS ^ houn ^ initial 
JO end to a manifold nrovid^^h „ x charging of the reaction vessel with a m-7 
JU |ntit)duci„g mete^SntitiS ot fffcL"" ^5 ^ i^urged^ 

spheric temperature in which L IrofEt 2^ W been subjected to the 

cyclopentadienyl is eoodSS %%?i3££^ *** ** 

S 0 tte vapour to the solid stage in the fo?m 71 73 ffi Si ™n except in runs 63. 67 4 120 

of yellow to orange needle Vj5£?JSB &hly P^aS TrofkSr ^ 0 " 
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~ " RpnUCT'ON SYNTHESIS 

Oxidation rJJI Cycle 

Cycle wcle 

Composition H o ntP rime Reactor Product 5 

oUron Tune Temp. Turn ft** J£> T « f . 

Sjg" *»!?- W H50 8.0 50 1.0 570 3_ 

63 100-0-0-0 4.'. 170 l- 50 i9 

in 67 91-8-0-1 o 1 ^ 10G0 0.0 

10 g 90-8-1-1 1-0 850 1-0 . J.- 

71 „ icq „ 4.o 

73 90-54-1 » " fee 750 C.9 15 

75 90-8-1-1 1.0 850 U |Q 57C 3.6 

15 tI : ojo : oio » ... - ii 

S " °* » ft 50 0 83 " " 20 

"W^Pe^ 

* Reduction temperature «Kr*. . . s — — 

_ r — - - oxides which facilitate dehydrogenaUon 55 

What we claim is: , c a nrocess as claimed in any of Claims 

25 Uf*P«!«f£ffl2 lt o 4 in P ™hich the oxidizing gas compnses 
iron biscyclopentadienyl and alkyl ana aryi 

thereof which comprises a cydo- steam ^.^ fa any of ^ 

pentadiene as ^remtefore defined wrth P which the oxidizing ^ comprises 60 

elemental iron at a temperature m tterange ^ ^ £ 

30of 400 to 800°F„ contacting *e resulting car ^ any rf 

passive iron reactant with an wgl^ , 6 4, rcin ^ passiv e iron reactant is 

possessing a free energy ^ox.daU 0 no i with ^eam at a temperature in 

between +2,000 and -5.000 calories per 65 

Sam atom of iron at a temperature m the ^ as claimed in any of Claims 

35rfnge of 600 to 1.600'F. to ^oduce a sur- * a ^ oxidiz d iron reacuant 

face of equilibrium iron oxides on said mm i " • jd reducing a g en t at a 

SciKdueing the resulting («tad in thc rangc of, 600 to WOfP. 

iron reactant with a reducing agen .as here P The s of any o{ claims 1 to 8. 70 

inbefore defined to P rod "" t ti^reS- wherein the reaction temperature in the 

40face of elemental iron ^d thereafter rwrt js wjthin the range 0 f 550 

ing the reactivated elemental iron with tne ^ ^ 

cyclopentadiene charge. . 10 T„ e pi . 0 cess of any of Claims I to 

" A process as claimed in Claim 1. * P fi temperature in the 75 

wherein afleast 3< by weigh t_JJ» «J oxidS cy^le is maintained within the 

45 iron in the iron reactant is oxidized to tne ^ 

45 equilibrium oxides at the temperature of ran B e ^ process {or the production 

° X f ^process as claimed in Claim 1 or - «^3C^^ 
2, in which the iron reactant contains te- ^KVcribed with reference to the 8 
50 tween 0.1 and 10?. of one ore more alkali ne^ 

IttWfeffJSKS. Agents for the Applicant, 
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